Seventeen independent cell clones were isolated from C127 cells transformed by bovine papillomavirus type 1 (BPV-1). Transformants showed differing degrees of expression of the transformed phenotype as monitored by saturation density, doubling time, growth in medium with a low serum concentration and colony-forming efficiency in soft agar. The degree of expression of the transformed phenotype did not correlate with either the BPV-1 copy number or levels of BPV-l-specific RNA in the transformed cell clones. A characteristic transformed cell clone, Tlc, showed the lowest degree of expression of the transformed phenotype but contained the highest copy number ofBPV-1 DNA and the highest level of BPV-l-specific mRNA. When we analysed different transformants by two-dimensional gel electrophoresis, we found that a set of six proteins changed quantitatively. Changes in the expression of these proteins were most consistent in clones expressing the greatest number of parameters of transformation, e.g. clone T4a. These data indicate that changes in the expression of cellular genes may correlate with the degree of expression of the transformed phenotype.
Short communication
~" Saturation densities represent the maximum cell densities obtained from confluent 35 mm dish cultures (assayed in duplicate).
Cells, 2-5 x 103, were seeded in 35 mm dishes. Medium was changed every other day. The cells were counted 10 days after seeding (assayed in duplicate). T1  146  525  Tlc  21  136  T2  9  111   HDT group  Tla  629  NT t  T3  347  526  T3c  1206  tcr  T4  385  564  T4a  3008  4804  T5  1508  NT  ID 14 5016 6223 * Triplicate 60 mm dishes were seeded with 5 x 104 cells in 0.35 ~ agar and DMEM (10% FCS) with or without 100 ng TPA/ml. Colonies > 0-1 mm were counted after 21 days. t NT, Not tested.
with BPV. Ten random cell clones were isolated from foci in which cells exhibited an elongated spindle shape. These clones were designated T1 to T10; four of these, T1 to T4, were cultured in soft agar and colonies were isolated from the cultures. The seven subclones thus isolated were designated Tla, Tic, T2b, T2c, T3a, T3c and T4a. All cell lines were cultured in Dulbecco's modified Eagles's medium supplemented with 5~o FCS. The total cellular DNA from these transformants and from the BPV-l-transformed cell line ID14, kindly supplied by Peter M.
IP: 54.70.40.11
On: Sun, 30 Dec 2018 10:49:28 , Tla, T3, T3c, T4, T4a, T5 and ID14 (lanes 1 to 10 respectively). Ten ~tg of total cellular DNA digested with BamHI was separated on a 0-8~ agarose gel and transferred to a nitrocellulose filter, then hybridized with 32p-labelled BPV-1 DNA from pdBPV (Sarver et aL, 1982) . (b) Northern blot analysis of cellular RNA (sizes in bp) from BPV-l-transformed cell lines Tic, T3c, T4a, T5 and ID14 (lanes 1 to 5 respectively). Ten ~tg of total cellular RNA was separated on a 1-0~ agarose gel and transferred to a nitrocellulose filter, then hybridized with 32p-labelled BPV-1 DNA. The same filter was hybridized with 3zp-labelled fl-actin DNA for an internal marker. As size markers, 28S and 18S ribosomal RNAs were used.
Howley, National Cancer Institute, NIH, Bethesda, Md., U.S.A., was analysed by restriction enzyme digestion (EcoRI, B a m H I and ScaI) and Southern blotting (Tomita et al., 1986) . From the hybridization pattern, these transformants were found to contain viral D N A identical to BPV-lb, as found in ID14 cells (data not shown) (Chen et al., 1982; Coggins et al., 1985) . The transformants were analysed for the degree of expression of the transformed phenotype, i.e. saturation density, population doubling time, growth in low serum concentration (1 ~ FCS) medium and colony-forming efficiency in soft agar. Based on these parameters, cell clones were classified into two groups, low-degree transformed (LDT) and high-degree transformed (HDT) groups (Tables 1 and 2 ). These transformants have maintained their transformed phenotype stably for more than 1 year. These results suggest that transformants can exhibit different, stable patterns of cellular gene expression even when transformed by the same virus.
The state and copy number of BPV-1 genomic D N A in our transformants and in ID14 cells were analysed by Southern blotting. All transformants were found to contain both supercoiled (form I) and nicked circular (form II) molecules of BPV-1 D N A (data not shown). Only the 8.0 kb band (form III) ofBPV-1 D N A was seen after digestion of B a m H I which cuts BPV-1 D N A once ( Fig. 1 a) , indicating that the viral D N A in these clones is present in an episomal state, as reported by Law et aL (1981) . Two clones, T4a (HDT) and T i c (LDT), contained as many copies of BPV-1 D N A as ID14 cells, approx. 40 copies per cell. Other transformants, including H D T clones, contained about 10 times fewer copies of BPV-1 DNA. These results indicate that the degree of expression of the transformed phenotype cannot be correlated with the copy number of IP: 54.70.40.11
On: Sun, 30 Dec 2018 10:49:28 ,~ ~<-: ~i ¸ the BPV-1 genome. There may be mechanisms responsible for the maintenance of a low copy number, and these low copy number transformants may therefore contribute to the study of the BPV copy number control mechanism. Total RNA was extracted from five cell clones from the LDT and HDT groups and examined by Northern blot analysis (Shirasawa et al., 1987) for the expression of viral mRNAs (Fig. 1 b) . All transformants tested contained the same BPV-l-specific mRNA species (3800, 1700, 1150, 1050 bp) as did ID14 cells (Engel et al., 1983) . The level of BPV-l-specific mRNA did not correlate with the degree of expression of the transformed phenotype in our transformed cell clones. For example, the level of BPV-l-specific mRNA in the LDT Tic clone was higher than that in some cell clones showing a higher degree of transformation (see Fig. 1 b) . These results indicate clearly that BPV-1 copy number and the level of BPV-1 mRNA do not directly correlate with the transformed phenotype. Therefore, expression of the transformed phenotype is likely to be regulated by both viral products and cellular factors. Although the cellular factors involved in transformation were not defined in this study, there is a known association between cellular oncogene and papillomaviruses. It has been shown that human papillomavirus type 16 (HPV-16)-transformed cells were established and maintained only when the transforming gene of HPV-16 and the cellular ras gene were cooperatively expressed (Matlashewski et al., 1987) .
Addition of TPA to the soft agar medium resulted in an increase in the colony-forming efficiency of all seven transformed cell clones tested ( Table 2 ). The effect varied from 1.5-to 10fold. The lower the original efficiency of colony formation of transformants, the more it was enhanced by TPA. C 127 cells were found to form small cell clumps but never developed visible colonies.
In order to determine whether TPA could alter the expression of the BPV-1 genome, the level of virus-specific mRNAs in T1 cells belonging to the LDT group was assayed at 6, 18, 48 and 72 h after TPA addition. No significant change in the level of BPV-l-specific mRNA was found (data not shown), although morphological alteration of T1 cells was observed 6 h after TPA addition. Thus, TPA may exert its effect on the transformed phenotype by altering the expression of cellular gene(s). A similar phenomenon was seen in adenovirus type 5-transformed ceils, which showed an increase in the degree of transformed phenotype after treatment with thyroid hoi'mone, without enhancement of the expression of viral genes (Babiss et al., 1985) .
As shown above, the degree of expression of the transformed phenotype did not correlate with the level of BPV-l-specific mRNA. Thus, as a preliminary step towards analysing cellular factors, cells were labelled with 200 ~tCi/ml of [3SS]methionine (New England Nuclear) for 5 h and cell lysates were analysed by two-dimensional gel electrophoresis (Young et al., 1983) . We compared the proteins of two characteristic clones, T1 c and T4a. Although the former belongs to the LDT group and the latter to the HDT group, both express BPV-1 mRNA at a high level.
Initially, we made Comparisons of the electrophoretic behaviour of cellular proteins in 13.8 x 13.5 x 0.1 cm 10~ SDS-PAGE gels (Fig. 2 ). T4a and ID14 cells exhibited an apparent increase of protein 1 and a decrease of proteins 11 and 12 when compared with C127 cells. These changes were slight in Tic cells. A more detailed comparison was made in 27.0 x 28.5 x 0.1 cm 12.5~ SDS-PAGE gels (Fig. 2) . T4a and ID 14 ceils exhibited an apparent increase of proteins 7, 8 and 9 in addition to the above-mentioned changes when compared with Ct27 ceils. However, Tic cells showed a slight increase of these proteins. The protein phenotypes are summarized in Fig.  2(d) . The increase of protein 1 and proteins 7, 8 and 9 in ID14 ceils were found to be papillomavirus-specific using two-dimensional gel electrophoresis (Levenson et al., 1987) . The decrease in the levels of proteins 11 and 12 is reported for the first time in this study. The protein phenotypes were very similar in ID14 and T4a cells. Protein changes in Tic cells belonging to the LDT group appeared to be restricted, indicating that changes in the level of expression of cell proteins reflect the degree of the transformed phenotype.
In our system, the degree of transformed phenotype cannot be explained by the copy number of BPV-1 DNA alone or by the level of BPV-1 mRNA. Viral factors by themselves cannot specify the degree of the transformed phenotype in BPV-l-transformed Fisher rat embryo cells (Babiss & Fisher, 1986 ), a finding similar to that for HPV-16-transformed NIH3T3 cells (Yasumoto et al., 1987) . Our study suggests a relationship between protein changes and transformed cell phenotypes using clones which show a distinct transformed phenotype. Since it has been reported that the transforming gene of HPV-16 and the cellular ras gene cooperate to establish and maintain the transformed phenotype in primary rat cells (Matlashewski et al., 1987) , the ras gene product may be one of the cellular factors required for transformation by papillomaviruses. However, none of the six proteins described in this study corresponds to the M r of the ras gene product. Furthermore, protein 1 and proteins 7, 8 and 9 were not induced in C 127 cells by the ras gene (Levenson et al., 1987) . The identification of these proteins remains to be clarified by further studies.
